The peritoneal mesothelium exhibits a high regenerative ability. Peritoneal 
Introduction

Peritoneal regeneration is a very important issue from the clinical point of view because of the unique physiological properties of the mesothelium, the complications of the abdominal surgery due to serosal adhesions and the disastrous consequences of continued peritoneal dialysis for the mesothelial integrity
.
The peritoneal mesothelium exhibits a high regenerative ability. The pioneering studies [3] described how peritoneal injuries were able to heal at the same rate independently of their size. Thus, centripetal growth is not enough to account for peritoneal regeneration. The phenomenon was explained by the appearance, immediately after a peritoneal injury, of a population of cells which freely float in the peritoneal cavity and adhere to the damaged surface (reviewed in [4] ). However, the origin, nature and precise functions of this population are still uncertain. Some studies have suggested that these cells are peritoneal macrophages that either promote mesothelial proliferation or directly can differentiate into mesothelial cells [5] [6] [7] [8] . Other works provide evidence that freefloating cells are just mesothelial cells which have delaminated from other areas of the peritoneum and attach to the injured area to recover their epithelial phenotype [9, 10] . Furthermore, recruitment of sub-mesothelial fibroblast-like cells [11] or mobilization of circulating progenitor cells [12] 
Material and methods
Animals and haematopoietic bone marrow transplants
Histology and immunocytochemistry
RT-PCR
Total RNA was isolated from (1) 
Results
Flow cytometry of peritoneal lavages after surgery
Peritoneal lavages obtained from mice 24 and 48 hrs after surgery (n ϭ 1 and n ϭ 4, respectively), and from unoperated mice (n ϭ 3), were analysed by flow cytometry. Figure 1 (Fig. 1, bottom rows) .
Detection of mesothelin by RT-PCR in the CD45 ϩ fraction
Mesothelin expression was confirmed by RT-PCR in the CD45
ϩ fraction obtained from a peritoneal lavage 48 hrs after peritoneal injury and purified by magnetic immunobeads (Fig. 2) Figure 3(B) , where some mesothelial cells show also the Fig. 3D ) whereas others were GFP -/cytokeratin ϩ /mesothelin ϩ (white arrows in Fig. 3D ). GFP also colocalized with the fibroblastic marker FSP1 in part of the cells (Fig. 3E, E' ). Negative control was incubated with isotype IgG and the same secondary antibodies than in the other slides (Fig. 3F) . Fig. 4B) . Surprisingly the contralateral peritoneal surface (Fig. 4C and D (Fig. 5B) . Fig. 5F and G (Fig. 6A, contralateral area) and smooth muscle ␣-actin (Fig. 6B and C, injured area) . Cytokeratin staining showed both the extended and the condensed dot-like pattern (Fig. 6A) . One month after surgery, the mesothelial lining was again normal, and the number of GFP ϩ cells had decreased considerably, although it was still possible to find some GFP ϩ cells occasionally
delaminated mesothelial cell (arrow). (B) The perinuclear dot-like pattern of cytokeratin immunoreactivity is also present in mesothelial cells migrating from omentum explants, which were used as positive controls (arrows). Other cells still show an extended cytokeratin cytoskeleton (arrowhead). (C) Mesothelin immunoreactivity colocalized with CD68. Note the cytoplasmic and perinuclear CD68 localization. (D) Triple localization of mesothelin, cytokeratin and GFP. This immunostaining revealed different phenotypes, including triple positive cells (arrowheads), mesothelin ϩ /cytokeratin ϩ , GFP -cells which probably are delaminated mesothelial cells (white arrows) and GFP ϩ , mesothelin -/cytokeratin -cells (yellow arrow). (E) The fibroblast marker FSP1 was expressed in many GFP ϩ cells (white arrows), as well as in GFP -cells (yellow arrows). Other GFP ϩ cells were negative for FSP1 (arrowhead). (F) Negative control incubated with isotype primary antibodies and with the same secondary antibodies as used in the rest of the figures.
Fig. 4 Scanning electron microscopy of the peritoneal surface from a control, unoperated mouse (A), from the injured area 48 hrs after surgery (B) and from the contralateral area of the same mice (C). A higher magnification of the latter is shown in (D). The normal peritoneal surface is squamous and shows abundant microvilli. In the injured surface rounded cells covered by ruffles and microvilli are present. Some cells show different degrees of flattening (arrows). In the contralateral area shown in (C), the surface shows areas of mesothelial activation, with the cells bulging in the lumen and showing signs of detachment. These cells also show microvilli, as shown in (D) (arrow). perinuclear dot like pattern whereas others show a still well-developed cytokeratin cytoskeleton (arrowhead in Fig. 3B). CD68 showed an intracytoplasmic pattern and colocalization with mesothelin (Fig. 3C). In peritoneal cells obtained from mice with GFPexpressing bone marrow, GFP colocalized with both mesothelin and cytokeratin in some cells (arrowheads in
Scanning electron microscopy
The injured peritoneal wall, after 48 hrs, showed extensive signs of reparation, with cells adhered to the denudated surface and displaying a variable degree of flattening (arrows in
Immunohistochemistry of peritoneal walls
Colocalization of cytokeratin with GFP was again more evident in the contralateral areas (
Fig. 5 Colocalization of GFP and mesothelin, cytokeratin, F4/80, FSP1 and procollagen-1 in the injured (INJ) or contralateral (CL) peritoneal wall from mice reconstituted with GFP-expressing bone marrow, 48 hrs after surgery. (A-D) Colocalization of GFP and mesothelin in the contralateral areas. Some double-labelled cells are apparently detaching from the mesothelial surface (arrows). GFP ϩ cells within the tissue are mesothelin -as shown in (B).
GFP ϩ
/mesothelin -cells are also abundant in sub-mesothelial areas (arrowheads). (E) Double labelled cells can also be seen in the regenerating mesothelium of the injured surface (arrows). GFP ϩ
/mesothelin -cells are also present but they are less abundant than in contralateral areas (arrowhead). (F), (G) Colocalization of GFP and cytokeratin can be observed in the contralateral areas (arrows in F) but it is apparently scarcer in the injured ones (G). GFP ϩ
/cytokeratin -cells are shown in the contralateral side (arrowheads in F). (H), (I) The macrophage marker F4/80 is present in a few cells from both areas (arrows). However, most of the apparently adhered GFP ϩ cells in the injured area do not express this macrophage marker (arrowheads). (J), (K) Colocalization of GFP with the fibroblastic marker FSP1 (arrows). (L), (M) Colocalization of GFP with procollagen-1 (arrows).
positive for cytokeratin and mesothelin, either at a sub-mesothelial level or integrated in the mesothelial cell layer (Fig. 6D-F) . [4] [ [18] [19] [20] [23] .
Discussion
The nature and origin of the peritoneal repairing cells (PRC) has been subject of a long-lasting dispute. Delaminated mesothelial cells, macrophages, resident mesenchymal or circulating progenitor cells have been alternatively claimed as main agents of the peritoneal regeneration (reviewed in
Besides the active reparation process of the injured peritoneal surface, we have observed striking changes in the contralateral peritoneal wall 48 hrs after injury. The activation of uninjured peritoneal areas surrounding the damaged mesothelium had been previously described [24] . It is possible that, as described elsewhere [10] (Fig. 3B) and it has also been described in some epithelial-derived tumour lines [25] . [26] . In fact, mice lacking mesothelin expression are viable and fertile [13] . Giving the sharp increase in mesothelin expression observed during peritoneal regeneration and its proposed role as an adhesion molecule [27, 28] [29, 30] . In this way PRC could be involved not only in the regeneration of the peritoneal mesothelium but also in other concomitant processes of visceral tissue repair. 
